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Abstract 

UV-exposure of the epidermis leads to the isomerisation of trans-UCA into cis-UCA as well as to the generation of 
hydroxyl radicals. This study shows by means of the deoxyribose degradation test that UCA isomers are more powerful 
hydroxyl radical scavengers than the other 4-(5-)substituted imidazole derivatives, such as histidirie, though less powerful 
than uric acid .UCA, present in relatively high concentrations in the epidermis, may well be a major natural hydroxyl radical 
scavenger. © 1999 Elsevier Science B.V. All rights reserved. ; " 
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7ran.y-urocanic acid (trans-UCA) is a major ultra- 
violet (UV) absorbing component of the human epi- 
dermis. Absorption of UV radiation from the UV-C 
region (200-290 nm) into the UV-A-I region (340- 
400 nm) causes photoisomerisation of trans-UCA 
into cis-UCA in vivo as well as in vitro [1-3], Be- 
cause of this property, trans-UCA had been used as a 
natural sunscreen agent [4]. T his us e hadJater.heen 
^minimised si nce it became clea r that photo product 
cis-UCA can mimic some of the effects of UV on 
rmmunrty, suggesting that this co mpound~is'lmHm^ 
~portant medrnloT ofUV-induced immunosuppression 
[5J7UV exposure of the skin causes an increased level 
of oxidative stress with the inherent formation of 
reactive hydroxyl radicals [6]. These species can be 
generated from hydrogen peroxide upon UV irradi- 
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ation and upon contact with metal ions (e.g. ferrous 
ions, Fe 2+ ), the Fenton reaction. Both types of reac- 
tion can occur in the epidermis [7]. Under these con- 
ditions, UCA isomers may interact with the ran- 
domly produced hydroxyl radicals in situ. In this 
study, we tested in vitro the hydroxyl radical scav- 
enging ability of both UCA isomers, of chemically 
related compounds, and of the known scavenger uric 
acid. The results of this comparative study point to 
certain molecular structures required for good hy- 
droxyl radical scavenging ability and provide a rank- 
ing of trans-UCA and cis-UCA among other 
(known) scavengers. 

Trans-UCA, cis-UCA, L-histidine, dihydrouro- 
canic acid [3-(imidazol-4-yl)propionic acid], imida- 
zole-4-acetic acid(s odium salt), imidazole, 2-methyl- 
imidazole, L-alanine, /rafls-2-furylacrylic acid (trans- 
FAA) and uric acid (Fig. 1) were tested on their 
ability to scavenge hydroxyl radicals by means of 
the deoxyribose (dR) degradation test. Upon expo- 
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Fig. 1. Compounds tested in this study for hydro xyl radical 
scavenging ability, (a) trans-\JCK 3 (b) c/s-UCA, (c) L-histidine, 
(d) dihydro-UCA or 3-(imidazol-4-yl)propionic acid, (e) imida- 
zole acetic acid, (f) 2-methylimidazole, (g) imidazole, (h) L-ala- 
nine, (i) rraw.y-2-furylacrylic acid and (j) uric acid. 
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sure to hydroxyl radicals dR is degraded into malon- 
dialdehyde, which reacts with thiobarbituric acid to 
form a pink chromogen. Hydroxyl-radical scavengers 
will compete with dR, resulting in a reduced amount 
of malondialdehyde. This dR degradation test was 
analogous to an earlier described method [8]. Briefly, 
the reactions were performed in 5-ml screw-cap glass 
tubes in a final volume of L0 ml sodium phosphate 
buffer (50 mM; pH 7.2), containing 3.0 raM 2-deoxy- 
D-ribose, 0.5 mM hydrogen peroxide and one of the 
test compounds at graded concentrations. The reac- 
tion was started by the addition of premixed disodi- 
um EDTA and ferrous iron solutions (final concen- 
trations 0.5 and 0.2 mM, respectively). Ferrous 
ammonium sulphate served as source for ferrous 
ions (Fe 2+ ). Fe 2+ solutions were freshly prepared 
each time and were purged with nitrogen. The mix- 
ture was left for 15 min at room temperature. After 
addition of 1.0 ml 1% thiobarbituric acid in 50 mM 
sodium hydroxide and 0.75 ml 2.8% trichloroacetic 
acid, the tubes were heated for 20 min in a boiling 
water bath. The pink colour was read at 532 nm and 



Table 1 

The hydroxyl radical scavenging ability of urocanic acid isomers and related compounds 



Hydroxyl radical scavenger 



Second-order rate constant X 10 9 



M" 



S.D. 



Inhibition of deoxyribose degradation 
[scavenger] = [deoxyribose] = 3 mM 

(%) 



Imidazoles 

7>a/is-urocanic acid 
CiA-urocanic acid 

L-Histidine 

Dihydrourocanic acid 
Jmidazole^kacctic^acid^ 
Imidazole 
2-Methylimidazole 



8.0 
7.1 

2.6 C 
2.7 
2.2 
13.0 
11.7 



0.9 
0.6 
0.9 
0.9 
0.1 
0.9 
2.6 



67 
64 

34 
34 
30 
78 
76 



Other compounds 
L-Alanine 

7ra/w-2-furylacrylic acid a 
Uric acid 



0.1 
<0.1 
27.8 



0.0 



3.0 



2 

<2 
91 



a 7>a/u-2-furylacrylic acid was not tested in concentrations >8 mM because of poor solubility. 
h n represents the number of slopes from which the rate constant was calculated. 
C 2.3-3.0X10 9 M" 1 s" 1 in literature [8]. 
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[scavenger] mM 

Fig. 2. A determination of the second order rate constants of 
trans-UCA (♦) and of cis-UCA (■) with hydroxyl radicals. 
The rate constant was derived from the slope of the line 
(k = slope x & dR x [dR] X A 0 ), where Ao is the absorbance, meas- 
ured in the absence of hydfo>cyl radical scavenger. k^R was tak- 
en as 3.1 XlO 9 M -1 s~\ derived from pulse radiolysis studies 
[8], and [dR] = 3 mM. The rate constants in this particular set 
were 8.49 and 7.33 XlO 9 M~ l s _1 for trans-UCA and cis-UCA, 
respectively. The other scavengers were studied similarly. 

reciprocal absorption values were plotted against the 
concentration of the test compound after subtraction 
of appropriate blanks. A series of six duplicate deter- 
minations from test compound dilutions was em- 
ployed to construct a graph slope for the calculation 
of a rate constant value. A typical graph with slopes 
to derive rate constants from is shown in Fig. 2 for 
both UCA isomers. The mean, S.D., number of rate 
constants and the percentage of inhibition of deoxy- 
ribose degradation at equimolar concentrations of 
scavenger (3 mM) is calculated for each test com- 
pound and summarised in Table 1. 

Trans-UCA and m-UCA are substantially stron- 
ger in scavenging hydroxyl radicals (8.0 and 7.1 X 10 9 
M" 1 s _, 5 respectively), than the other 4-(5-)substi- 
tuted imidazoles, including L-histidine (2.6 XlO 9 
M" 1 s -1 ). Histidine, the precursor of UCA, was in- 
cluded as a known scavenger [8-10] with structural 
similarities to UCA. Alanine was used as a known 
poor scavenger [10]. Trans-V AA was tested as a non- 



imidazole acrylic acid derivative, having a furan ring 
instead. This substitution yielded a very poor scav- 
enging ability. Other 4-(5-)substituted imidazole ana- 
logues, dihydrourocanic acid or 3-(imidazol-4-yl)- 
propionic acid and imidazole-4-acetic acid, showed 
moderate scavenging ability, comparable to histidine. 
However, unsubstituted imidazole and its 2-methyl 
derivative appeared to be stronger scavengers than 
the UCA isomers. 

The known strong hydroxyl radical scavenger uric 
acid [11] showed an excellent scavenging ability 
(27.8 X 10 9 M" 1 s" 1 ). To summarise, trans-XSCA 
and cis-UCA, two epidermal compounds, are good 
hydroxyl radical scavengers. Their scavenging ability 
is weaker than that of uric acid, but larger than the 
other 4-(5-)substituted imidazoles, e.g. histidine. 

Normal human skin contains approximately 200 
uM iron [12,13], predominantly complexed to ferri- 
tin. The; release of free ferrous ions by UV irradiation 
[14] and the presence of hydrogen peroxide [15,16] 
are prerequisites for the generation of hydroxyl rad- 
icals. Other reports indicate the UV-induced presence 
of hydroxyl radicals indirectly since; their effects on 
epidermal constituents could be; neutralised with 
antioxidants [17,18]. 

UCA is an imidazole compound and several other 
imidazole derivatives have already been shown to be 
good hydroxyl radical scavengers, e.g. histidine [8- 
10], histamine [19], histidine containing dipeptides 
[10,20], cimetidine and other histamine (H 2 ) receptor 
antagonists [21]. This study reveals that several other 
imidazoles show similar properties (Table 1). Hy- 
droxyl radicals can react with the imidazole ring to 
form imidazolone derivatives. Their formation has 
led to the proposal to use the imidazolones of histi- 
dine and histamine as markers for oxidative stress 
[9,19]. The importance of the imidazole ring in 
UCA molecules was also demonstrated in our experi- 
ments. The poor scavenging ability of trans-FAA, 
having a furan ring instead, was a remarkable con- 
trast. Furthem ore JL jr^preserj^^f_the_acr^lic^acid 
moiety in UCA molecules conjugate d with the im i- 
dazole ring_may accounrfoFits increased scavenging 
ability towards hydr oxyT^ 

ot her 4-( 5^)subjtituted imidazoles. Unsubstituted 
imidazole and its 2-methyl derivative are stronger 
hydroxyl radical scavengers, accentuating that the 
presence of an imidazole ring is a prerequisite for 
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sufficient hydroxyl radical scavenging ability. How- 
ever, these compounds do not occur physiologically 
and are harmful (LD 5 o oral rat 220 mg kg -1 for 
imidazole and 1500 mg kg -1 for 2-methylimidazole). 

Two explanations for the relatively high concen- 
tration of UCA in the epidermis have already been 
put forward: (1) for trans-UCA as natural sunscreen 
agent; and (2) for cis-UCA as immu nosuppressant. 
Our findings point to another physiological role for 
the UCA isomers. Trans-\JCA and cis-UCA may be 
major natural hydroxyl radical scavengers, providing 
a new view on the antioxidant status of the skin. 

We would like to thank Dr. W.M.P.B. Menge 
(Free University, Department of Pharmacochemis- 
try, Amsterdam, The Netherlands) for the supply 
of cis-UCA. 
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